The effect of vanadium oxide as support and promoter on supported rhodium catalysts on the CO hydrogenation has been investigated at 0.15 and 4.0 MPa.
Rh/V,O, reduced
at 723 K has a good selectivity toward oxygenated products, especially C,-oxygenates, but has a low activity added as a promoter to catalysts consisting and stability. Vanadium oxide of rhodium supported on silica and alumina showed a remarkable effect on the activity of these systems. For the silica-supported systems the activity increased by a factor of 40, the deactivation of these catalysts was low (2 % h-l) and the oxo-selectivity was very high (70 %I.
Although the vanadium oxide blocks part of the active metal surface, as became evident from a suppressed chemisorption capacity, it also enhances the -rate of CO dissociation in those locations where reaction is still possible,
The enhancement prevails over the blocking in the case of silica-and alumina-supported vanadium oxide-promoted catalysts, while blocking dominates for the vanadium oxide-supported catalyst after high temperature reduction. Experiments in which ethylene was added to a working catalyst, provided indications that the main promoter action of the vanadium oxide is to increase the CO dissociation, thereby increasing the activity of the catalyst. For the alumina-supported catalysts, most of the vanadium oxide is scavenged by the support and only at a high V/Rh ratio, the activity of the Rh/Al 0 catalyst is increased. The addition of vanadium oxide to the alumina-support$d3catalysts caused a suppression of the formation of ethers, covers the acidic The vanadium oxide probably hours of reaction no ether-forming sites of the alumina support. During the first acetic acid was observed for the alumina-supported catalysts due to a chromatographic effect. Initially, the acetic acid that was produced was adsorbed by basic sites of the support and only after prolonged reaction was acetic acid observed at the reactor outlet.
INTRODUCTION
The hydrogenation of carbon monoxide over rhodium catalysts produces a variety of products. The product distribution can be influenced by using different supports or promoters [l-11]. Since C2-oxygenates are desirable products from an economic point of view C121, much attention has been paid to improve catalyst activity and selectivity to C2-oxygenates. Vanadium oxide used as a support [9] or as a promoter [5, 13, 14 ] is reported to be of interest in this respect.
In the preceding paper we reported the synthesis and characterization of such For the vanadium oxide-promoted Rh/Al203 systems, indications for an intimate contact between the vanadium oxide and the rhodium were found only for catalysts with a high V/Rh ratio (around 7). For these catalysts only after oxidation at 898 K a mutual affection of the reduction of rhodium and vanadium oxide was observed in TPR, suggesting the formation of RhV04. For these catalysts, rhodium might be positioned on V205 layers and after reduction some vanadium oxide might be located Table  2 summarizes the results of the hydrogenation over vanadium oxidesupported rhodium catalysts at 4.0
RESULTS

Rh/V203
MPa. As vanadium oxide is a SMSI support, we In the high pressure case, a sharp increase in activity with increasing V/Rh ratio was observed.
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Using an activation energy of 100 kJ mol , as was measured for Rh/V203/Si02 with V/Rh = 4.5, it is calculated that the vanadium oxide-promoted Rh/Si02 catalysts with V/Rh = 4.5 is 40 times more active than the unpromoted Rh/Si02 catalyst, and almost 20 times more active than Rh/V203 reduced at 723 K. The extent of deactivation of these catalysts was considerably lower than that of Rh/V203. Clearly the promoted catalysts were considerably more active than the unpranoted catalyst.
The total oxo-selectivity slightly decreased with increasing V/Rh ratio, mainly due to a decreased methanol and acetic acid selectivity, but still was around 70%, comparable to those obtained for the Rh/V203 systems reduced at high temperature.
The increase of the relative amount of unsaturated hydrocarbons with increasing V/Rh ratio up to V/Rh = 1 must be due to differences in reaction temperature.
To exclude the influences of temperature on selectivity, we tested Rh/Si02 and Rh/V203/Si02 (V/Rh = 1.0) at the same temperature (548 K). In order to measure at the same conversion level (about 3 %), we adjusted the GHSV for these systems by changing the amount of catalyst and the total gas flow. The results are presented in Table  4 . Activities and selectivities for the different product groups are compared. Clearly the formation rate of all products is increased by the presence of vanadium oxide, but the rates for hydrocarbons and C30t formation are increased most, while the formation rate of methanol is only increased by a factor of six.
In the low pressure case (P = 0.15 MPa, see Rhodium particles size. Rhodium particle size can have a significant influence on the activity of RhlSi02 catalysts in the synthesis gas reaction 127,291. Therefore the improvement of the activity by addition of vanadium oxide might be caused by a decrease in particle size. But as shown in Table 1 , rhodium particle size did not differ significantly for the silica-supported systems with or without vanadium oxide. The average particle size was 20 + 2 i. Particle size can be increased by Figure  2A and In Figure 3a and In Flory-Schulz distribution. From a detailed analysis of the products, Flory-Schulz distributions were obtained for the unpromoted and promoted catalysts, presented in Figure 4A A noteworthy effect of the vanadium oxide content on the formation of dimethyl ether was observed (see Table 6 ). Dimethyl ether is thought to be formed on acidic 
Ethylene addition
In order to study the reaction mechanism and the role of the vanadium oxide Table 7 ). None of the other products was influenced by this addition.
Ethylene addition was also studied for the unpromoted Rh/Si02 catalyst (see Table  8 ). During reaction at 593 K, no extra propanol and propanal were found after addition of ethylene. All added ethylene was hydrogenated, even after addition of 0.83 ~01% C2H4. We also studied addition of ethylene at 503 K, the 
DISCUSSION
Rh/V203/Si02
Influence of promoter on activity.
In a previous study [15], we already discussed the location of the vanadium oxide promoter in Rh/V203/Si02 catalysts. varied (Figure 3a) . The increase in activity with increasing H2/CO ratio is comparable for the two systems. Therefore, the hydrogenation rate is not rate determining for the Rh/Si02 catalyst. A further indication that the presence of hydrogen is not rate limiting is the fact that during reaction over Rh/Si02 at 591 K, the amount of unsaturated hydrocarbons is very low, indicating a high hydrogenation activity.
Results
The other possibility is that the CO dissociation is the rate determining step. A higher H2/CO ratio caused an increase in the formation rates of all products (see Figure 3a and Table 5 
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